Understanding and quantifying the determinants of the number of sectors or …rms exporting in a given country is of relevance for the assessment of trade policies. Estimation of models for the number of sectors, however, poses a challenge because the dependent variable has both a lower and an upper bound, implying that the partial e¤ects of the explanatory variables on the conditional mean of the dependent variable cannot be constant and must approach zero as the conditional mean approaches its bounds. We argue that ignoring these bounds can lead to erroneous conclusions due to the model's misspeci…cation, and propose a ‡exible speci…cation that accounts for the doubly-bounded nature of the dependent variable. We empirically investigate the problem and the proposed solution, …nding signi…cant di¤erences between estimates obtained with the proposed estimator and those obtained with standard approaches. JEL Classi…cation codes: C13; C25; C51; F11, F14.
Introduction
In a landmark paper, Hummels and Klenow (2005) drew attention to the role of the extensive margin in explaining observed international trade patterns, giving origin to a burgeoning literature on its determinants and importance. 1 Building on Melitz's (2003) model with heterogeneous …rms, Helpman, Melitz, and Rubinstein (2008) and Chaney (2008) , among others, developed trade models that explicitly consider the decision to export and therefore explicitly model the extensive margin of trade. In parallel, a large number of authors have studied empirically how the extensive margin is a¤ected by factors such as transportation costs, tari¤s, or economic and political integration.
The extensive margin can be de…ned at di¤erent levels of aggregation and a variety of de…nitions have been used in empirical work. For example, Hillberry and Hummels (2008) work at the shipment level, Eaton, Kortum, and Kramarz (2004) , and Berthou and Fontagné (2008) work at the …rm level, Hillberry and McDaniel (2002) , Hummels and Klenow (2005) , and Dennis and Shepherd (2007) de…ne the extensive margin at the sector-product level, and Helpman, Melitz, and Rubinstein (2008) consider data at the country level.
Naturally, the econometric methods used in the estimation of models for the extensive margin of trade depend on the level of aggregation that is considered and on the nature of the data available. For example, Berthou and Fontagné (2008) , Baldwin and Di Nino (2006) , and Helpman, Melitz, and Rubinstein (2008) use binary models to study whether a …rm, a sector, or a country exports, while Eaton, Kortum, and Kramarz 1 The the number of sectors exporting in a country also informs on the degree of specialization of the export base and in ‡uences its response to sectoral shocks, a¤ecting the volatility of the economy.
For links between the number of sectors producing or exporting and volatility, see Greenwood and Jovanovic (1990) , Acemoglu and Zilibotti (1997) , Tenreyro (2007 and , and di Giovanni and Levchenko (2009). (2004), Hillberry and McDaniel (2002) , Flam and Nordström (2006) , and Dennis and Shepherd (2007) model the number of …rms or sectors that export. While some of the models used in these studies are standard, the speci…cation and estimation of models for the number of sectors exporting raises speci…c problems and is the focus of this paper.
The number of sectors exporting from origin country j to destination country i is a count variable and therefore it is a non-negative integer. Moreover, if the sectors or products are de…ned using a classi…cation of economic activities such as the Harmonized Commodity Description and Coding System, the variate of interest has as an upper bound the number of classes in the system. That is, the variate of interest is bounded from below by zero and from above by the number of product categories.
The existence of these bounds implies that the partial e¤ect of the regressors on the conditional mean of the dependent variable (the number of sectors) cannot be constant and must approach zero as the conditional mean approaches its bounds. Therefore, ignoring the nature of the data and simply using OLS, as in Flam and Nordström (2006) , is likely to lead to erroneous conclusions because the linear model assumes that the partial e¤ects are constant. Some authors have addressed the existence of the lower bound by using the log of the number of sectors as the dependent variable, see, e.g., Eaton, Kortum, and Kramarz (2004) and Hillberry and Hummels (2008) . 2 Alternatively, standard count data models, such as Poisson and negative binomial regressions have been used by Dennis and Shepherd (2007) , Berthou and Fontagné (2008), and Persson (2012) . However, all these approaches ignore the upper bound and therefore are also unsatisfactory. Indeed, as we will illustrate, these estimators can be even less reliable than the simple linear model, leading to very misleading results.
In this paper we study the estimation of models for the number of sectors exporting from country j to country i. Building on Helpman, Melitz, and Rubinstein (2008) and on the literature on fractional data (see, e.g., Ramalho, Ramalho, and Murteira, 2011) , 2 Naturally, observations for which the number of sectors is equal to zero have to be dropped.
we suggest a ‡exible speci…cation that takes into account the doubly-bounded nature of the data. In an empirical application we use country-pair data to estimate how di¤erent geographic and economic determinants of international trade a¤ect the number of sectors exporting from j to i. The advantage of the proposed model over various alternatives previously used in the literature is clearly illustrated in this application.
The economic and statistical models
In the model considered by Helpman, Melitz, and Rubinstein (2008) , hereinafter HMR, the operating pro…ts for a …rm of country j selling in country i are given by 3 ij (a) = (1 ) ij c j a
where a is the number of bundles of inputs needed for the …rm to obtain one unit of product, c j is the cost of each bundle in country j, P i is the price index in country i, Y i is the income in country i, f ij is proportional to the …xed cost of exporting from j to i, ij is the "melting iceberg" variable cost of exporting from j to i, and 2 (0; 1) is a parameter such that " = 1= (1 ) is the elasticity of substitution across products.
The …rm exports to market i if ij (a) > 0 or, equivalently, if
which, taking logs on both sides, leads to
, and j = " ln c j . Notice that c j , f ij , and ij are assumed not to depend on the identity of the producer, but a is a …rm-speci…c random variable.
Suppose now that, as in Armenter and Koren (2012) , the …rms in country j are partitioned into S sectors according to some classi…cation of economic activities, e.g., the Harmonized Commodity Description and Coding System. Then, the condition for sector s 2 f1; : : : ; Sg of country j to export to i is that there is at least one …rm in the sector for which ij (a) > 0. Therefore, the probability that sector s from country j exports to destination i is given by
where a s denotes the minimum value of a for …rms in sector s, f ln as ( j ) is the conditional density of ln a s for sector s, x
denotes a vector of regressors including importer and exporter dummies and variables measuring the trade frictions between i and j, is a conformable vector of parameters, and we let F s ( ) vary with s because the distribution of ln a s does not have to be the same for every sector. Now let T s ij be an indicator variable that is 1 when at least one …rm from sector s in country j exports to country i, being 0 otherwise, and notice that E T
as the number of sectors exporting from j to i, which is the variable we want to model and is such that 0 T ij S. Hence, conditioning on x ij , the expected value of the number of exporting sectors is
Notice that for S = 1 this model is very similar to the …rst step of the model considered by HMR in which T ij is just an indicator of whether country j exports to i (see equation 12 in HMR). However, we adopt a very di¤erent stochastic speci…cation:
in our model the unobservable a s is the source of randomness and we treat the other variables as given; in contrast HMR treat a s as given and the randomness of the exporting decision appears due to the unobservability of some elements of f ij and ij , which are viewed as random variables. In our model the possible presence of these unobserved costs only changes the form of f ln as ( j ).
If sectoral information is available, it may be possible to estimate the functions
and use them to study how the elements of x ij a¤ect E (T ij jx ij ). However, without access to sectoral data (a constraint we will work with, following HMR), this approach is not available and the expected value of the number of exporting sectors has to be expressed as
where
is the probability that a randomly drawn sector in country j will export to destination i.
4
To proceed, it is necessary to specify a functional form for F x 0 ij
. The choice of this functional form is an empirical issue that has to be addressed in each particular application. However, we can be guided in the choice of functional form by the fact that F s ( ) is the distribution of a minimum, which suggests that the complementary log-log model is a useful starting point. 5 Because restrictive distributional assumptions are unlikely to be valid in practice, we suggest specifying
where ! > 0 is a shape parameter. This model is reasonably ‡exible and has the complementary log-log model as a limiting case when ! ! 0. 6 Moreover, for ! = 1,
follows by letting
, where
tional density of ln a s for a randomly picked sector. 5 The complementary log-log model would be valid under the assumption that ln a s follows the Gumbel (extreme value type I) distribution for a minimum. 6 This choice of functional form corresponds to the assumption that the distribution of a s for a randomly picked sector is a generalized Pareto with location parameter equal to 0 and scale parameter equal to 1. The form of (2) suggests that F x 0 ij could also be speci…ed as a mixture model. This approach, however, is computationally and statistically more demanding and therefore we do not pursue it here.
(4) reduces to the logit speci…cation suggested by Papke and Wooldridge (1996) in a related context.
7
Putting (3) and (4) together we get
The model developed by HMR was used to motivate the speci…cation of (5). Alternatively we could have used as starting points the models by Chaney (2008 ) or Manova (2012 , which explicitly consider the existence of di¤erent sectors. However, because
we consider only the case where no sectoral information is available, starting from the models by Chaney (2008) or Manova (2012) would have led exactly to the same result.
Moreover, (5) can be motivated simply from the characteristics of T ij , the random variable of interest. Indeed, T ij is bounded by 0 and S and therefore its conditional expectation has the same bounds. So, it is sensible to specify the expectation of T ij as the product of S, a known constant, by a function bounded by 0 and 1, such as one of the many speci…cations that have been used in binary choice models. 
Estimation
Because (5) speci…es a conditional expectation and S is known, the model of interest can be written as
7 Naturally, it is also possible to estimate F ( ) nonparametrically, for example using the estimators proposed by Ichimura (1993) . However, for typical international trade problems, the implementation of this kind of estimator is too cumbersome to be routinely used. 8 Models for doubly-bounded count data have been used before (see, e.g., Johansson and Palme, 1996, and Santos Silva and Murteira, 2009) . However, to the best of our knowledge, all the estimators used so far are likelihood based, whereas our proposed estimator focus on the conditional expectation and therefore does not require the speci…cation of the likelihood function.A related estimator, originally used for fractional data, was proposed by Papke and Wooldridge (1996) and will be explored below.
where T ij =S is bounded between 0 and 1, and u ij is simply de…ned as u ij = T ij =S E (T ij =Sjx ij ), which implies that E (u ij jx ij ) = 0. Estimation of and ! is standard, but there are several possible consistent estimators of the parameters of interest.
A …rst approach is simply to use (non-linear) least squares, which is equivalent to using normal pseudo-maximum likelihood (see Gourieroux, Monfort, and Trognon, 1984) . This estimator is consistent under very general conditions but it is unlikely to be attractive because it ignores the heteroskedasticity of the error term. Indeed, because
T ij =S is bounded between 0 and 1, u ij is necessarily heteroskedastic and a substantial e¢ ciency gain may be obtained by considering a "working"heteroskedasticity pattern, as in Papke and Wooldridge (1996) . This heteroskedasticity pattern does not have to be correctly speci…ed but can simply capture the fact that Var (T ij =Sjx ij ) must approach zero as E (T ij =Sjx ij ) approaches either 0 or 1.
Following Papke and Wooldridge (1996) , we assume that
and estimate the model by Bernoulli pseudomaximum likelihood, which is a consistent estimator of the parameters of interest under very general conditions (see Gourieroux, Monfort, and Trognon, 1984) and likely to be much more e¢ cient than least squares. That is, and ! are estimated by maximizing an objective function with individual contributions of the form
where F x 0 ij is given by (4).
One …nal point is worth emphasizing: given the non-linearity of F x 0 ij and the fact that we interpret it simply as an approximation to the probability that a randomly drawn sector in country j will export to destination i, the estimates of are not particularly informative. Therefore, inference should focus on the partial e¤ects of the regressors of interest and not on the parameter estimates per se.
Empirical illustration
We have argued for a di¤erent method to estimate doubly-bounded variates; whether the use of this approach makes a material di¤erence at the estimation stage is an empirical question. 9 To investigate this matter we estimate a model for the number of sectors exporting from a given country to a destination. The sectors are de…ned using the 1996 revision of the Harmonized Commodity Description and Coding System at the 6-digit level, which has 5132 categories, and the data were obtained from UN Comtrade for 2001; Table A2 in the Appendix lists the 217 countries and territories for which we were able to obtain data for this study.
Data for the regressors were obtained essentially from the CIA's World Factbook and CEPII. In particular, the CEPII database was used to construct the following regressors: Log distance, de…ned as the natural logarithm of distance between capitals (in kilometres); Border, a dummy that equals 1 when the two countries share a land border; Colonial tie, a dummy that equals 1 either if the importer has ever colonized or been a colony of the exporter or if the two countries were once part of the same country; Common language, a dummy that equals 1 when the two countries share an o¢ cial language; Both WTO, a dummy that equals 1 when the two countries are members of the WTO; RTA, a dummy that equals 1 if both countries are at least in one common regional trade agreement; Common currency, a dummy that equals 1 if either both countries use the same currency or if the exchange rates between their currencies is …xed. The CIA's World Factbook was used to construct two additional dummies: Both islands, which equals 1 if neither country has land borders; and Both landlocked, which equals 1 if both countries are landlocked.
Finally, the variable Religion was constructed as in HMR; that is, the variable is the sum of the products of the shares of the population in each of the partners that are 9 In a set of exploratory simulations we found that, as expected, the size and the direction of the biases of misspeci…ed models depends both on the model and on the design of the experiment, especially on the distribution of the regressors.
Catholic, Muslim, or Protestant. 10 The information used to construct this variable is from multiple sources that include the CIA's World Factbook, Wikipedia, and the work of Kettani (2010a Kettani ( , 2010b Kettani ( , 2010c Kettani ( , 2010d . Finally, the model includes importer and exporter dummies; the multilateral resistance terms suggested by Anderson and van Wincoop (2003) .
These data are used to estimate six di¤erent models. The …rst model was used by Flam and Nordström (2006) and speci…es E (T ij jx ij ) = x 0 ij . The parameters are estimated by least squares and hence these results are labelled OLS. The second model is the one used by Eaton, Kortum, and Kramarz (2004) and by Hillberry and Hummels (2008) , and speci…es E (ln T ij jx ij ) = x Poisson. The fourth model uses the same exponential speci…cation for E (T ij jx ij ) but in this case estimation is performed by negative binomial (pseudo) maximum likelihood as done by Persson (2012) ; these results are labelled NegBin. The …fth model speci…es E (T ij jx ij ) as in (5) but imposes ! = 1. Estimation is performed by Bernoulli (pseudo) maximum likelihood as described in the previous section. Due to its similarity with the estimator proposed by Papke and Wooldridge (1996) , the results for this model are labelled P&W. Finally, the sixth model speci…es E (T ij jx ij ) as in (5) the links between religion and economic activity, see Barro and McCleary (2003) .
of E (T ij jx ij ). 11 Table 2 presents the average across the entire sample of the partial e¤ects of each of the regressors on E (T ij jx ij ); 12 for the continuous variables (Log distance and Religion) these are just the derivatives of the estimate of E (T ij jx ij ) with respect to regressors (notice that the derivative is with respect to Log distance, not distance itself), while for the dummy variables the partial e¤ect is the di¤erence between the estimate of E (T ij jx ij ) with the dummy equal to 1 and with the dummy Overdispersion parameter The results in Table 2 show that the two models that take into account the upper bound, the one based on the Papke and Wooldridge's (1996) estimator and the more ‡exible version we propose, give reasonable results. Moreover, the two corresponding plots in Figure 1 clearly illustrate the advantage of using models that recognise the doubly-bounded nature of the data: both for P&W and for Flex the nonparametric …t is much closer to the identity line than for any of the other speci…cations previously considered.
These plots also show the advantage of the proposed model over P&W. Indeed, the nonparametric …t for Flex is generally much closer to the identity line, especially for the upper part of the distribution. The advantage of the ‡exible speci…cation is con…rmed by noticing that P&W is rejected against the proposed model (the additional parameter ! is signi…cantly di¤erent from 1; see Table 1 ), and that this one is not rejected when tested against a more general speci…cation. 14 14 The more general model we consider speci…es
which has as a special case the proposed model when = 1. For these data, the estimate of is equal to 1:05 with an estimated standard error of 0:10. Therefore we cannot reject the null hypothesis
The di¤erences between the results of P&W and Flex are not restricted to their goodness-of-…t. Indeed, although the average partial e¤ects obtained with the two estimators are generally similar, for some of the regressors there are signi…cant di¤er-ences, as it is the case with Common currency. In particular, the P&W model leads to an estimated average partial e¤ect of Common currency equal to 8 sectors, much smaller than the estimate of 21 sectors obtained with the proposed model. Moreover, the e¤ect of this regressor is not statistically signi…cant in the P&W model, but it is signi…cant in the more ‡exible alternative.
In short, this example illustrates that the choice of speci…cation used can make a material di¤erence for the results one obtains. In particular it is vital to use models that speci…cally account for the doubly-bounded nature of the data. In the example presented here the proposed ‡exible speci…cation clearly outperforms its competitors.
This is an encouraging result in that it suggests that the model is ‡exible enough to describe adequately the type of data we are considering. Although the choice of the appropriate speci…cation to use is an issue that needs to be carefully studied in each application, our results suggest that the proposed speci…cation can be a good starting point.
Conclusions
Understanding and quantifying the factors a¤ecting the number of sectors exporting in a given country is potentially relevant for the assessment of the e¤ects of di¤erent trade policies. This paper studies models for the number of sectors exporting from a country to a given destination, when only aggregate country-pair level data are available. We argue that standard estimation methods previously used in the literature are not suitable due to the nature of the dependent variable, the number of sectors, which has both a lower and an upper bound (the latter being the number of classes in the classi…cation system). The existence of these bounds implies that the partial e¤ects of the explanatory variables on the conditional mean of the dependent variable cannot be constant and must approach zero when the dependent variable approaches its bounds. Ignoring the nature of the data and simply using OLS or count-data models that ignore the upper bound is likely to lead to erroneous conclusions due to the severe misspeci…cation of the models used.
We propose a ‡exible approach that takes into account the doubly-bounded nature of the dependent variable and, using country-pair data, we compare its performance to that of alterative speci…cations previously used in the literature. The proposed approach clearly outperforms the traditional estimators and, more importantly, leads to signi…cant di¤erences in the role played by di¤erent determinants of the extensive margin for trade. In particular, we argue that while other methods yield economically implausible quantitative e¤ects for various trade determinants (e.g., sharing a border, a common currency or trade agreements), the new method yields economically reasonable e¤ects. We, therefore, suggest that the proposed speci…cation can be useful starting point for the construction of appropriate models identifying the role played by the di¤erent determinants of the number of sectors exporting from one country to another.
